Aim. To evaluate the average age of familial adenomatous polyposis (FAP) onset in both males, females and in their relatives, carriers or not carriers of the APC gene mutations, to estimate the anticipation in successive generations for early identification of the individuals in the risk group. Methods. The medical records, genealogical information were gathered and molecular genetic study of blood was carried out in 25 probands with adenomatous polyposis. FAP was confirmed in 44.0 % of probands. The probands with FAP had 36 affected relatives. The amplified fragments of the APC gene were screened for the mutations involving heteroduplex analysis an d detection of single-stranded conformational polymorphism, heteroduplex analysis, and also high resolution melting analysis. The age of FAP onset was evaluated in probands and their relatives. The anticipation index (A) was calculated. Results. Among patients with FAP 61.7 % were males and 38.3 % were females. The age of FAP onset in males was 36.0 ± 1.4 years, while in females the disease manifested earlier -in 29.5 ± 2.4 years (p<0.01). The APC mutations, including four novel mutations, were found in 63.6 % of probands with FAP. The lowest age of polyposis onset was observed in carriers of the APC mutation с.3927_3931delAAAGA p.Q1309fs. The average age difference between FAP onset in the parents and their offspring was 12.0 ± 1.7 years. In 3 of 4 families with FAP and novel mutations of the APC gene predominance of males (12:4) and anticipation phenomenon were observed.The strongest age correlations of FAP onset were found in mother-offspring pairs and parents-son pairs. The statistically significant difference between the data confirmed more similarities of descendant, especially sons, with parents. Conclusions. There was no statisti-
Introduction
The most common аdenomatous polyposis disorders include familial adenomatous polyposis (FAP), attenuated FAP (AFAP), and other multiple colorectal adenomatous syndromes -MUTYH-associated polyposis (MAP), NTHL1-associated polyposis (NAP) and polymerase proofreading-associated poly posis (PPAP). Genetical and clinical manifestations of the polyposis syndromes vary, and cases with clinical diagnosis of FAP «might molecularly be presented by different diagnosis» [1, 2] . A classic FAP (MIM No. 175000) is an autosomal dominantly inherited disease characterized by the development of hundreds to thousands of colorectal adenomatous polyps after the first decade of life and affects both genders. FAP is an orphan disease: estimates of the prevalence of syndrome vary from 1:6,850 to 1:31,250 live births and account for 0.2 %-1.0 % of all colorectal cancer (CRC) [3] [4] . The risk of CRC is virtually 100 % by the 50 years for the classic form of this syndrome. FAP is the second most common inherited CRC syndrome. Many FAP patients show extracolonic tumors (hepatoblastoma, cancer of thyroid glands and brain, desmoid and pancreatic tumors), which can contribute to morbidity and mortality [4] [5] .
The average age of onset for FAP is 35.9 (22-63) years [6] . Most classic FAP cases arise as a consequence of a germline heterozygous mutation in the adenomatous polyposis coli gene (APC), a tumor suppressor gene located on chromosome 5 (5q21). The coding region is divided into 15 exons and encodes a large protein (309 kilo-Daltons) [7] . The APC gene plays several important roles in cells, influen cing cell adhesion, cytoskeleton and cell cycle [8] . Since the first description in 1986 by Herrera L. et al., over 1000 mutations have been found, which are inserted into the international reference database. About 25 % of people with FAP do not have any family history of the disease and harbour a de novo mutation in the APC gene without any clinical or genetic evidence of FAP in the family [9, 10] . Conventional techniques leave approximately 30 % of families with classical FAP and approximately 90 % of AFAP families APC mutation-negative [11] . There remains a high proportion of APC mutation negative patients even after extensive sear ches for new causative genes. 25 % of APC mutation negative samples were found to harbour pathogenic mutations in MUTYH [12, 13] . Differential diagnoses include other disorders causing multiple polyps (such as PeutzJeghers syndrome, familial juvenile polyps or hyperplastic polyposis, hereditary mixed polyposis syndromes).
In patients with FAP the first symptoms are often manifested in puberty. These include dyspepsia with frequent liquid defecation, abdominal pain, anemia, metabolic disorders leading to a delay in physical development [14] . The earlier FAP is manifested, the severer is its course, and the sooner decompensation state follows [15] . The overall sex ratio among affected individuals was 55 %:45 % (male:female) with similar ratios in the APC positive and APC negative groups (57 %:43 % and 51 %:49 %, respectively) [6] . However, a mutation of the APC gene is stable, and the site of mutation determines the severity or associated features of FAP with strong parent-child correlation [16] .
In families with FAP a phenomenon of genetic anticipation was observed, in which the age of onset of a disorder reduced and/or the severity of the phenotype increased in successive generation [17] . For along time, geneticists were skeptical on the real existence of the phenomenon. Clinical anticipation for diseases onset has been reported since the 19 th century. Nowadays, this phenomenon has a molecular genetic evidence. In 1991 the trinucleotide expansion mechanism was first identified in a group of inherited neuromuscular disorders [18] . This phenomenon is commonly encountered in human dominant type hereditary disorders, such as Von HippelLindau [19] and Li-Fraumeni syndromes [20] . The evidence for genetic anticipation has been described in some cancer genetic syndromes like breast cancer [21] , pancreatic cancer [22] , ovarian cancer [23] , CRC [24] , leukemia [25] , lymphoma [26] , melanoma [27] . In 1994, Shibata et al. were the first to suggest that younger onset of cancer observed in consecutive generations of Lynch families could be explained by the accumulation of mismatch repair slippage events due to the diminished DNA mismatch repair proficiency. A few years later, the same group using a mathematical model hypothesized that the number of mutations accumulated in a tumor was dependent on the mutation rate and the number of cell division [28] . According to the modern concepts, an increased risk of a variety of tumors and genetic anticipation are associated with the telomere length changes [29] [30] .
The aim of the study was to evaluate the average age of FAP onset of males and females and in their relatives, carriers or not carriers of the APC gene mutations, in successive gene ra tions to estimate the anticipation for early identification of the individuals in the risk group.
Methods
In the period from 2002 to 2015 year the medi cal records and genealogical information from 25 probands with adenomatous polyposis were analyzed. FAP was confirmed in 10 (40.0 %) probands with adenomatous polyposis and a family history of the disease or a family history of the malignant tumors associated with the syndrome (CRC, gastric cancer or pancreatic cancer). One proband (the APC mutation carrier) from the FAP group had neither clinical nor genetic evidence of FAP in family members, so we assumed she carried the de novo mutation of the APC gene. The probands with FAP had 36 affected relatives. The individuals with 100 or more adenomatous polyps as well as those with fewer than 100 adenomatous polyps and a family history of FAP are clinically diagnosed as FAP according to the diagnostic criteria. The genealogical information in 3-4 generations was collected using a single registration of probands according to the appropriate ethical requirements. The mode of inheritance of the diseases was determined using the clinical, genealogical, laboratory and literature (OMIM) database. The age of FAP onset was evaluated in the probands and in their relatives. The patients were residents of five regions of Ukraine: Lviv, Ivano-Frankivsk, Ternopil, Volyn and Chernivtsi.
The molecular genetic study in 25 probands with adenomatous polyposis and in 4 their relatives was carried out. Genomic DNA was isolated from peripheral blood using a saltingout method [31] . Before blood sampling for molecular genetic studies, the informed consent to perform such analysis was obtained from patients. The primers, described by Prosser et al., were used including individual exonic splicing sites.
DNA samples of all the patients tested for the presence of small mutations using screening methods such as strand conformational polymorphism methods (SSCP), heteroduplex analysis (HD), and also high resolution melting (HRM). Our study included patients whose gene fragments (or entire genes) had undergone large rearrangements as well as those in which small mutations had been detected.
We screened the APC gene fragments that encompassed exons 5-8, exons 10-14, and the fragment from A to L of exon 15 for mutations with heteroduplex analysis (HD) and single strand conformational polymorphism methods (SSCP) [32] . Parameters influencing SSCP analysis: DNA amplification, denaturation, and the electrophoretic conditions. Another important aspect of SSCP analysis is the visualization of the single-stranded DNA fragments. In brief, after electrophoresis, the PAAG are first fixed with 10 % acetic acid for approximately 30 min at room temperature and subsequently washed with water. Depending on the concentration of silver nitrate, incubation with the silver nitrate solution can last for approximately 60 min (in a 0.001 % AgNO3, 0.036 % formaldehyde solution). This incubation step is performed in the dark, while avoiding any contamination with protein-containing solution. Subsequently, the PAAG are washed with water and color development is performed by incubating the gel for 5 to 10 min with a color development solution (containing 2.5 % Na 2 CO 3 , 0.036 % formaldehyde, and 0.002 % sodium thiosulfate). Color development can be stopped with a solution containing a chelating agent (such as 1.5 % EDTA). Gels can be subsequently fixed with 30 % ethanol and 4 % glycerol. The stained gels are transferred to a vacuum dryer and are immobilized to a porous paper. Results are can be analyzed by means of an image analysis system. All mutations were verified by the DNA sequence determination from both the 5` and 3` directions. PCR was carried out in the same way as for the SSCP/HD analyses using the same PCR primers. The DNA fragments that showed heteroduplex in HD analysis or additional patterns in SSCP analysis were sequenced by direct PCR product sequencing and analysed with ALF Express (Amersham Pharmacia Biotech, Uppsala, Sweden) according to the manufacturer's specifications [33] .
C-HRM primers
We designed sets of primers for a simultaneous amplification of a reference fragment (with an unchanged number of copies) and a target fragment (with APC gene fragments as its template). Designed primers for the APC gene (fragments of exons 9, 14 and 15) include large rearrangements and also small sequence changes detected in our group of patients. Primers were designed using the Primer3plus (www.bioinformatics.nl/primer3plus/) software. The melting temperature of all primers was in the range of 58.0-62.3 °C (Table 1) .
Subsequently, the primer pairs were selected for a multiplex reaction, with one of the products including the target fragment of the studied gene and the second one as a reference. Amplicons were paired in respect of their melting temperature ranges (no overlaps between the amplicons) and lack of non-specific interac tions between primers that could impair the amplification efficiency.
Assay design: the products were amplified using the type-it HRM kit (Qiagen) on the DNA templates at a concentration of 50 ng/μl diluted in AE buffer (Qiagen). The analysis was performed on a Rotor-Gene ® Q equipment (Qiagen). PCR reactions were carried out for the 30 cycles (with a 5 min preincubation at 95 °C) of 95 °C for 10 s, 55 °C for 30 s and 72 °C for 10 s, the products were then melted and PCR was continued to the 40th cycle in the same conditions followed by another melting process. The first melting analysis was performed from 70 °C to 90 °C by raising the temperature by 0.3° at each step after which the second one, designed to detect small changes in the sequence, was carried out with higher resolution raising the temperature by 0.1° at each step.
Anticipation index (A) was calculated using the formula:
P -age of disease onset in one parent, D -age of disease onset in offsprings [34] .
Statistical analysis had been carried out using Shapiro-Wilk test for normality, Student's t Test and Spearman correlation.
Results and Discussion
The characteristics of probands and their relatives with FAP by gender and age at polyposis onset are shown in table 2. Among the patients with FAP 29 (61.7 %) were males and 18 (38.3 %) were females, whereas women dominated among probands with polyposis ( Table 2) .
The age of patients ranged from 15 to 48 years. The age of FAP onset in males was 36.0 ± 1.4 years of age, whereas in females disease manifested earlier -at 29.5 ± 2.4 years of age (t = 2.69, p<0.01). The average age of FAP onset was 32 (15-48) years and was lower compared to the data given in the literature 36 (22-63) years [6] .
The APC mutations, including four novel mutations, were found in 7 (63.6 %) probands with FAP and 6 of them were females of 7 families with FAP (table 3). Other 4 (16.0 %) probands with familial anamnesis of polyposis and cancer had no mutations. Among mutation carriers were 8 females and 3 males (probands and their relatives). The lowest age of polyposis onset was observed in carriers of the APC mutation с.3927_3931delAAAGA p.Q1309fs. The mutation leads to premature termination of the APC gene protein product [35, 36] . This deletion is one of the most frequent APC mutations in Europe [14, 33] . In most cases the mutation in codon 1309 leads to early onset of the disease accompanied by hundreds of polyps at a young age, early occurrence of CRC and extracolonic manifestations [14] .
There was no statistically significant differen ce between average age of the disease onset in patients carriers of the APC mutations (33.1 ± 2.1 years) and in patients without the APC mutations identified by traditional methods (33.7 ± 1.6 years). In 3 of 4 families with FAP and novel mutations of the APC gene (probands 4D, 6F, 10J, table 2, 2) predomi-nance of males with FAP (12:4) and anticipation phenomenon were observed. One proband (1A) with the APC gene mutation had neither clinical nor genetic evidence of FAP in family members, so she was supposed to carry the de novo mutation. The example of anticipation in the family with the novel с.3343delA p. R1114fs APC mutation is shown in Fig. 1  (patient 10J, table 2, 2) . Six relatives of the proband had FAP and 5 of them were males. Both earlier FAP onsets, the increased severity in offsprings, and the predominance of males among patients were observed in this affected family.
The example of anticipation in the family pedigree without the APC mutations confirmed by traditional methods is shown in Fig. 2 (patient 3C, table 2). Note. * -The average age of FAP onset in all affected individuals within the family; ** -splice site mutations. Cursive marked mutations were not found in other ethnic groups. Eight relatives of the proband had FAP. It is widely accepted that the methods used to identify mutations fail to detect certain mutations because of the factors such as polymorphisms in the sequences to which PCR primers bind that leads to allele dropout, or due to somatic mosaicism or because the mutations occur in the regions not targeted by the currently used methods. Castellsagué et al. [37] and Spier et al. [38] reported the occurrence of imbalanced allele-specific expression of APC in 8 %-9 % of the APC mutation-negative polyposis cases, indicating that the underlying mutations were not detected by standard mutation detection techniques. Some of these cases carried pathogenic deep intronic variants predicted to activate cryptic splice sites [38] , whereas others carried mutations in the promoter region of APC [39] .
In offsprings with FAP the reduced age of disease onset compared to parents was revealed irrespective of the presense of the APC mutations. Analysis of the age of FAP onset in the probands and their affected relatives is shown in Table 4 .
In most couples "parents-offspring" with FAP in offspring, the disease begins at an earlier age comparing to the parents with statistically significant difference. The average difference of the age of FAP onset and index of anticipation in the parents and their offspring are shown in Table 5 .
The average age difference between the FAP onset in the parents and their offspring was 12.0 ± 1.7 years. The number of fatherdaughter pairs and father-son pairs was greater than the number of mother-daughter pairs and mother-son pairs. The anticipation index (A) in FAP was 18.0%. This index ranges from 12.0% in pairs father-son to 25.0 % -in pairs father-daughter in different family couples.
The highest values of anticipation index (A) in the FAP were in father-daughter pairs. The anticipation phenomenon in FAP was shown by any parent-child pairing methods for the deceased in literature data: in the patients over 5 years of age, the mean age at death was 50.9 years for the parent, 42.3 years for the proband, and 33.3 years for the child generations, respectively, p<0.001 [17] .
The correlation coefficients for the age of FAP onset in parents and offspring are shown in Table 6 .
The strongest age correlations of FAP onset were found in mother-offspring (mother- Note. n -number of pairs; r-correlation coefficients; tStudent test; p -value level of significance. Note. n -the number of pairs of relatives, d ± sd -the average age of FAP onset and its statistical error, А ± sa -the average age of anticipation and its statistical error. Note. n -the number of pairs of relatives, x±s x -the average age of FAP onset and its statistical error, p -statistical significance.
daughter and mother-son) pairs and parentsson pairs. The statistically significant difference between the data confirmed more similarities of descendant, especially sons, with parents. L.Roger et al. [40] suggest that the occurrence of the anticipation phenomenon is associated with the erosion of telomeres. The erosion of telomeres, mainly because of cell proliferation, may be accelerated by specific alterations in the genes involved in CRC, such as the APC gene [24] . Telomere/telomerase interplay is an important mechanism involved in both genomic stability and cellular replicative potential, and its dysfunction plays a key role in the oncogenetic process [30] . There is general agreement that the shortening of telomeres plays a role in the early steps of CRC carcinogenesis by promoting chromosomal instability (CIN). The APC mutation and activation of the Wnt pathway in colonic epithelial cells with long telomeres give rise to adenomas with long telomeres; these telomeres are stable and not prone to fusion [41] .
The APC gene mutation in cells with short telomeres gives rise to adenomas with short telomeres that have a propensity to undergo fusion; the resulting CIN leads to the largescale genomic rearrangements that can drive the progression to malignancy. These data therefore indicate that telomere erosion precedes the initiation of colorectal adenomagene sis, and this may provide a mechanism contributing to the age-associated profile of colorectal carcinomas [40] . In vitro, hormones and growth factors affect telomerase activity. The sex hormones directly increase the telomerase reverse transcriptase (TERT) transcription and the telomerase activity in human cells [42, 43] . Natural and synthetic androgens can restore telomerase activity to normal levels in the cells in patients with TERT and TERC mutations can be directly activated by the tumor-suppressor protein c-Myc [44] . The rate of terminal restriction fragment length shortening per year in men was found to be significantly greater than that in women [45] . An estrogen-responsive element is present in TERT, so the hormone can stimulate telomerase [46] . This might reduce the shortening of a telomere.
Accounting anticipation has prognostic value, since it allows estimating an approximate average age of FAP onset during the genetic counseling providing timely targeted prevention. Due to autosomal dominant inheritance and high penetrance of FAP, the probands and their first degree relatives should be screened regularly by geneticist and oncologist. The cancer prevention and maintaining a good quality of life are the main goals of management and regular and systematic follow-up and supportive care should be offered to all patients.
